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Abstract

..)This report describes a general purpose couwputer package for analysis

of the composite criterion model of Srinivasan and Shocker,(Psychometrika= |

- Vo138, No-—éy—p+473). A standard format allows data for a wide range
of applications to be analyzed using this package. The report describes

the development of the package, including the data base and the FORTRAN

and Shocker is analyzed to demonstrate the package.
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A COMPUTER PACKAGE FOR THE COMPOSITE CRITERION MODEL

The composite criterion model was proposed by Srinivasan and Shocker

[4A] as a technique for analyzing a decision maker's preferences when there
are multiple conflicting criteria. The model is based on the assumed

existence of a value function which assigns a cardinal score to any alter-

native. Associated with alternative i is a vector [aij] of attribute

values. The value function is assumed to be:

s, = v([aij]) = )jj vias (1)

The goal of the composite criterion model is to use a limited number of

explicit pairwise comparisons to reveal the proper values of the weights,

wa, for a given decision maker.
Given two alternatives, i and j, if the decision maker prefers i over
jJ, then it is assumed that s; 2 sj, i.e.,

k k
or (a,,;-a,,)w >0 (2)
~ { 13725k Yk

Thus, if we have a set, 2, of pairwise comparisons, there is a corresponding

set of constraints, (2), which must be satisfied by the we;ghts Vi :%
Since it is possible that the decision maker may err in the preference

responses (or that the linear value function assumpﬁion is not completeiy ) %

satisfied), the feasible set defined by (2) for (i, j) € 2 may be empty. _2 I

In that case, we would like to determine a "best" set of weights. ;%!

The composite criterion model, as proposed by Srinivasan and Shocker, ﬂ%f

determines the set of weights which minimizes the sum of the infeasibilities
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in the constraints (2):

minimize ) Z (3)

(1,9en

s.t. Y a,,w +2,,50 (1,3)eR (%)
vep 13Kk T 13 =
a w =1 (5)
keP (i,j)eR ijk Tk

zij >0 (i,Dee (6)
w20 keP &)
v, <0 keP | - (8
w, urs ke P3 | )

P=P UP,U P3; PN P, = ¢. id]

Note that in order to determine the weights, Vs the linear programming
problgm (3) - (9) must be solved.

Any composite criterion problem is defined by the sets Q, Pl’ Pz, P3
and the vectors [aijk]' Thus, it is reasonable to develop a general bui-'
pose data base and solution procedure. The package we have developed is
based on the overall design illustrated in Figure 1. The LP optimi;er
is the XMP suite of FORTRAN routines developed by Marsten [i]. The entire
package is written in FORTRAN (ANSI 66), is reasonably portable, and can
accomodate problems with as many as 30 restricted attributes (or 15 unre-

stricted attributes) and 100 pairwise comparisons.

Parameter sizes on the CCMODL program can be increased to accommodate
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any size problem with the amount of array space increasing as a function

of the model parameters. Let:

AT P (o AT F et

MAXFPC = maximum number of forced-paired comparisons, ]
;

MAXZTS = maximum number of weights that can be specified
where every unrestricted weight counts as two
weights,

A = number of words required for array storage,

Then:

A > 63 MAYXFPC + 7 MAXWTS + 4 (MAXFPC) (MAXWTS)
-12 (MAXFPC + 1) (MAXWTS) (MAXFPC) . 351

+ MAXWTS + 3 MAXFPC + 1
STANDARD CCM DATA BASE ¥

The data base contains a complete description of the problem, from
which the interface routines generate the LP coefficients. There are five
record groups in the data dbase:

group 1l: this is a title record to allow a description to
“ appear on the report; (10A8) format, -

group 2: this gives the magnitude of the problem,
(KATTA, KSTIML1, KFCOMP), where,
KATTA = number of attributes T :
KSTMLI = number of stimuli or alternatives
KFCOMP = number of paired comparisons
(315) format

group 3: a set of flags to indicate sign restrictions on 1
the weights; the first record is ,

1lif P = Pl : ' i

KuFLac = (1 AE P =P, a ' i

2if P = P3

0 otherwise
(I2) format;

If KWFLAG = 0, then KATTA flags KW(i) are required,
one for each attribute

‘-ny-___-__-____;__f

3

lif i e P1
KW(i) = -1if i e P,
24if 1 ¢ P3
(12) format.
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} group 4: the set ; KFCOMP pairs (i, j) are required
where i is preferred to j :
(214) format

group 5: attribute values; for each stimulus, a set of
KATTA values are required, in (8F10.0) format;
KSTMLI sets are required.

Example. Srinivasan and Shocker describe a small ﬁroblem with five

stimuli and three ittributes. The data for this problem is given below:

e =1{(1,2), (3,1, (1,4), (1,5), (2,3), (2,4), (5.2), (3,4), (3,5), (5.8)}

% =
P P3
Stimulus Attribute Vector
1 (2,6,6)
2 (3,4,7)
3 (5,4,4)
4 (6,3,2)
S (s,1,3)

The standard CCM data set for this problem is given in Table 1.

* There is a small difference between this problem and the Srinivasan and

Shocker problem in [4], the difference being that in [4) all weights
are restricted to be non-negative while in this problem all weights

are unrestricted.

LP OPTIMIZER

The LP optimizer is the XMP package developed by Marsten [1].. e
implements a revised simplex algorithm and uses the LA@S5 ;ubrogtines to
manage an LU factorization of the basis matrix from the Harwell library.
XMP is written iu a "Vanilla"” FORTRAN where only very simple features .

of the language have been used. XMP operates in main memory where the

memory space that XMP uses must ve provided by the calling program. X:P

is hierarchically structured and any XMP subroutine may be c#lled at any

WAL A A

level of the hierarchy.
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The design objectives of XMP were flexibility, extendability, and
reliability with execution time as a secondary objective. XMP coctains
46 subroutines, 10500 lines of FORTRAN and requires 10395 words for the

object code.

INTERFACE ROUTINES

The interface code MCCMDL, consists of 551 lines of FORTRAN and is
internally documented. The code requires 1246 words for the object code
and 29708 words for arrays (this includes the arrays required for XMP).

As presently configured, MCCMDL can accommodate 100 stimuli, 30 attributes

and 100 paired comparisons. The number of paired comparisons is the cri-
tical parameter, since it increases both the number of variables and the
number of constraints in the LP problem.

The CCMODL program was used to solve the problem described in the

data set listed in Table 1, the output is shown in Table 2. The results

shown in Table 2 are the same results obtained by Srinivasan and Shocker
in [4). The run was completed in .486 CP seconds. |
As discussed in [4) and as seen in Table 2, stimuii 1; 2; 5 have the
same score. This occurred because of the number ¢f intransitivities in
the pairwise comparisons in the example. Since every Z:l except 2s = 02174,

is equal to zero this implies that every preferred stimulus in a pairwise

comparison-has a higher score than_the other stimuli in the comparison
except in comparison 5. In comparison 5 the Decision Maker ﬁreferred sti-
mulus 2 to stimulus 3 when cdmparing scores we see that stimulus. 3 has a -

higher score (by .02174) than does stimulus 2.

A listing of the FORTRAN source for MCCMDL is given in Appendix A.
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Table 1. Standard CCMODL Data Set for Srinmivasan-Shocker Example

Trial 1 For The C.C. Model Program, All Weights Are Unrestricted
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Table 2.

TRIAL 1 FCR THZ

THE OFTIMEL (85U

WEICHT®

SOBNOWVE WNHE N

-

STIMLLLS

& W=

CeC. MODIL FECGRAM,ALL WEZIGHTS

CTINZ FUNCTICN \ALUZ IS Z-=

aruypLUT®e
.22913
.19565
.1£217

waxypL Uz +¥
g.06c008
g.000¢c0
G.CC0GCD
g.Cc00C0
02174
£.03000
¢.0000C0
0.00000
C.00000
C.00900

*»2SCORE**
2.56522
2.56522
2.58696
2.32609
2.5€522

Result for Srinivasan-Shocker Example

ARE URNR

« 062174
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Source Listing for MCCMDL




' PRUGKA® 8iCCHLL(INPLT ,QUTPUT, TAPES=1irLT , TAPEO=0UTPUT, TAPLEG)
C
C Tht. PURPOSE OF Th1S PROUKANM IS TO SGLVE ThE CUMPUSITE CRITERIUN MULEL
C bY ThE USE OF LIMEAR PHROGRAMMIGLG. ThE L.P. MODEL WILL bE SOLVEDL bY THE
l c AP SUEHGLTING PACKAG=.
c
C SINCE THE XiP PACKAGE OF SUBRGUTILES 18 SO WilL DOCUMELTED ThE CObwehTS
- l c I THIS PrUGkAM WILL ONLY b UIReCTeD TOWAKD THE VARIAELLS AND LOGIC OF
¢ ThIS PROGRAH ONLY. TnE PARTS OF Ti1S PROGRAl: COVERED I ThE XMP DUCULENT=
c ATION WILL Eb SET OF BY Tht FOLLOWING .
¢
l c TrlS PROGHRAN IS WRITTEL bY KGSALL &. RUNYAN UNDER THE DIRZCTION OF
: c Di. LEOti F, NCGINNIS. 4
c 4
l C GEGOKI& I~STITUTE OF TECHLOLOGY, FALL 1980, 1
c
' C DIMENSIGN STATEMENTS
c
DIMENSION STIKLI(1C0,30),KW(30),w21GhT(30),RHALF(101,30),22(100)
DIMENSION HEADEK(1C),RwWDEF(30)
| l INTEGER OMEGA(100,2)
i c
’ c FOR ChANGES 1liv ThE PAKRANETERS,THE ARKAY SIZES SHOULD Et ThE
I c FOLLOWING SIZE.
c STILLI(MAXEPC, MAXKTS)
. c KL (HARLTS)
c WELIGRT(MAXWTS)
' c KhALF (MAXFPC+1, KARGUTS) i
c Z2(MAXFPC)
. c HEADER(10) |
l c OMEGA(MAXFEC,2) '
c KWDEF (HAAWTS)
C ]
c
c
c DIMENSION AND VARIABLE DEFINITION FOR XMP
REAL B(101),BASCB(101),bASLB(101),BASUB(101),

X BETAR(101),BOUND,CAMDA(101,5),CaNiCI(5),CJ,COLA(101),
% LJ,MEMORY(20700),UJ,UZERO(101),Xb2ER0(101),YQ(101),2 }

INTEGER BNDTYP,COLLEN,COLMAX,DFEASQ,DTEKM,DUNER,
FACTUR, IOERK,IOLOG, LTER,
ITER1,ITER2,LEMIA,LENMT ,LENMY ,LOOR 11, MAPA(20),
MAPI(20),MAXA,MAXM ,MAXN N, ETYPE2, P, PRINT,, TERMIN,
UNBDDG , BASTS(101) ,CAND(5),CANDI(1061,5) ,CAKDL(S),
COLI(101),ROWTYP(101),STATUS(331)

S be St b B¢

REAL VaLULE

INTEGER 1O1MN,NCOLSA,TT,SS

COMMOh STIMLY,KW,WEIGhT, RhALF,Z22,HEALER, Oi4EGA,B,EASCH, BASLD
-,bASUL,BETAR, CM.DI; CANUCJ COLA, hE Ol b?.l'.RO XBZBRO 1Q,MAPA,
-h!sk‘l bﬁbIS ChhD, CANDI CM.DL COLI RU\»T!P STATUS l\thE‘

i o 5.
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L1 ChabunS 1t The BELUNW(ANP) PARAKETEKS The S1zE OF ThE FROBLEN
IS5 LT Ter OMLY EY Tiie AVAILABILITY OF CuMPUTER CORE.

FOR PROLLECS LARGER Tre 30 HedsThRICTel ATTHIGUTES(15 UNHESTHICTED
ATTRIBUTES) AiD 100 PATRWISE COMPARLSTIONS SET ThE bLELUW PAKAHETERS
TU THE FCLLUWILG VaLubkS.

NARA=MAXGWTS*IAXFPC+MA LN

PAXM=MAREFCH+1

MAANZMAXWTS+3I*RAAFPCH+1

COLMAN=MA A

LOuUk=MAXI

LEiMYD= 11 ® oAb+ 29 A AN+ 25 A A+ 0+ 3% (L *DENSEF MAAN ¥ 32 )

DENSE=MAXAZ (FaXxbiFiARN)

INITIALIZE VARIALES FOR AP

101ks=5
IOERR=9
I0LOG=¢
MAXA=3331
MAAL=101
M&XN=331
COLLAA= 101
P=5
LCOK=3351
FACTuk=10
LEY=207C0
bniTYP=1
PRKINT=0

ThE GUTPUT WRITTEW FGit Tkt PRINT STATEMENTS wITHIN XMP WILL EE
PLACED IN A FILE CALLED TAPE9, THIS FILE WILL BE A LOCAL FILE
WHES THIS PRCGHAR IS AUGN FnOM A TENMINAL. TO READ THE CONTEKTS
OF TH1S FILE YOU DO THE FOLLOWING AFTER ThE PROGRAM HAS FINISHED
KUNKING.

REWIND,T2P)9

COPY , TAPLY

TKIS FILE IS LOST IF NOT "SAVE"-D AFTER THE RUN.

INITALIZE ALL PARAMETERS OF THE MUDEL

" HAMATT=30

MAXSTI=100
MAXFPC=100

HAXWTS=30

ZERO OUT THE KWDEF AiD THE WEIGHT ARRAYS
DO 7 KARRAY=1,MAXATT -

KWUEF (KARRAY)=0

WEIGKT(KAKRAY)=C.

7 CONTINGE

VARLABLE L1ST
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STUALI(T,J)=8 ATTHIBUTE J LITH/AESPECT TO STIMULLS T HAS & SCORE
or S. ' ,

OleGA(T,1)=L  STIMULUS L 1S PRerekikD TO STIMULULS &2 IN A FCHCED

UMBEGA(T,2)=M  PATKED CCLPARISON.

WEIGhT(1)=T VALLE CF TiE I'Th LelGhT,GOTTER FRON AmP
RHALF(1,d)sA  CO:rFICENT OF The J'Th LELGKT WITh/KESPECT TO

Tt I FOKCED PALKEL CUmPARISGM. I.E. THIS IS The
COLFFICEnT OF Trt J'TH VARIABLE AND 1'Th CONSTRAINT

| 1
¥ »
» 3
1S 3
*® *
= »
3 »
= &
¥ *
% )
L ] 1
= Z2(I)=k VALUL OR AMOUGLT TnE 1'Th FORCED PAIREL COMPARLSON »
] IS MOT SATISSIED bY, : b
& KWDEF(I)=K K=1,MEANS THE I'TE wEIGRT IS UNDEFINAD K=0,MEANS THE &
" I'TH WEIGKT IS DEFILED v
*  KATTA # OF ATTRIBUTES -
¥  KSTMLI # OF STIMLLI L
*  Krcome ¥ OF FUHCED PATKED COMPAKRISONS ]
¥ NUMWTS ¥ OF WeIGHTS UsStd I ThE L.P.(I.t. WEEN A WEIGHT &
* IS UKRESTRICTZY IT WILL TAKE UP TwO OF THE NUMWTS IN ¥
* ThE L.P.) .
*  KWFLAG ~1 ALL %7S<=0 , 2 ALL %TS UnRESTRICTED, 1 ALL WTS>=C, #
» 0 wTS AKE MIXZD. s
¥ Kiu(I) ThE I'TH WEIGHT IS UF THE A PARTICuLAk DIRECTION , ]
A phICh IS OF Thc SAHE CODLRG AS FOk KWFLAG(EXCEPT FUk #
¥ : The ZERO VALUE) b
*  KERROK & FLAG USED 70 ChECX FOR ERRORS INT Tht INPUT DATA *
#  HAMKTS MAM KUHBER OF WEIGHTS THAT CAN BE ULSEL IN SOLVIMG &
> The C.C, MCDEL .
& MAXSTI MAx NUMBER OF STINMULI THAT CAN BE SPECIFIED »
¥ MAXFPC MAY NUMBER OF FORCED PATRED COMPARLSCKS *
% NAXATT MAX hiUlbER OF ATTRIEUTES ThAT CAN BE SPECIFIED #
*  hEADER AN ARRAY TO KOLD %0 CHARACTERS OF PrOBLEH DISCRIFTI(M ¥

(3222 PR 2RI FRL PSRRI SRS PSR AL R A 2R A A R Rl A a aa i et Y

WRITE OUT THE HEADING FOR THIS PROGAAN

WKITE(6,55)

55 FORMAT(1H1) .
WRITE(6,215)

215 FORMAT(™ ++++t+4400tttbr0b bbbttt bt ettt i rberes™
s o o o o o ALY
- "

. 1}
- "/, .

A e asamnanaas e e e e D S o g
I a2 S e L IO
%RITe(6,130)
130 FORMAT(1h ,"CO M P O SITE",10A,"CKhRhITERLIL1OLN",
~10X,"P Kk 0 G B A ")
HKITE(b, 1286)

"“"'-ﬂ“F'!llll'-II'-I.llIlllllllIlI!l!lll-Il'l!ll-I!lllll!lllI!llllH-wm-'"].!'n‘
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120b

1740

10

4y
0o

4

15

v

1661
- 1682

oo O0

FURMAT(IR /777,210, "WKITTER EY: k. K. RUNYAL™,//,
~21)\,"FACULTY SPCUSOR: L. F. tCGLLKRISY,//,
<217, "GEUNGIA InSTITUTE OF TECHRHULUGYY,//,
~21IN, MVERSION 1%,/7,21x,"WOVELBER 15, 1900 *,//7)
WRITE(D,215)

ReAL IN Ths EEADER UR PrUBLER STATERELT OF ThE PROGHAN
RERD(%5,1740) (KEALER(IKEAD),InEAD=1,10)
FORMAT(104a)

READ(5,10) AATTA,kSTuLI,NFCONP

FCnnAT(3I5)

CHECK FUR ZEhUO VALUES OF KATTA,KSTill,KFCCHP
IF(KATTA.LE.O) GO TU A&

1F(&KSTILI.LE.O) GO TO kb

IF(RECCP.LE.O) GO TO 4%

GO TO 77

WRITE(6,82)

FORMAT(1EC," CheCK ThE VARIABLES,KATThA,kSTHLT,KFCUMP,FOR VALUES
~LESS ThAN OR EGUAL TC ©. ¥®ERROX 9")

KERRUR=1

GU TO 9$95Y

CONTINUE

NUMWTS=KATTA

HREAD(5,15) EwbLAG,(KW(IST),IST=1,KATTA)
FORNMAT(3212)

IF(AWFLEG.EG.0) GU TO 1652 -
INITIALIZE ThE VALUES OF paCh Ki(I) IF KwFLAG IS NUT BQUAL TO 0.

LU 1bd1 I5T=1,KATTE
KW(IST)=naWFLAG
COMRTINE

COBTINUE

EKROR HESSAGES

#

¥ ERROR 1 1ORE ThAN MAAATT ATTRIBUTES hHAVE BEEN SPLCIFIED

% ERROR 2 ROKE THAN MAASTY STINMULL RAVE BEEN SPLCLFIED -
* ERRUR 3. MOKRE Thhk MAXFPC FORCE PALHREL CCHPARISONS HAVE BEEK SPECIFIEC®
¥ ERKOR 4%  IMVALID VALUE OF KWFLAG hAS BEEN SPECIFIED *
* ERROK 5  MUMWTS IS GREATER ThAh MAXWTS b
® ERROR 6 A SPECIFIED WEIGHT ,I.E. Kw(I), HAS AN INVALID VALUE *
* ERROK o A STIMULUS IS OUT OF RAMGE FOR A FORCED COMPARISON &
* ERROR 9 EITHER KATTA,STIMLI,OR KFCONP IS <=0 &

[T 23T 23T ISR SIS R332 222 22 220 2R 2 22 d 2 222 22222 22 22822 22% 24 1Y e,

BEGIM CHECKING FOR OTHER ERRORS

KERROR=0

IF(KATTA.LEHAXATT) GO TO 20
WHITE(L,30) KATTA,MAXATT

30 FORMAT(1n0,1b," ATTRUIBLTES KAVE bith SPECIFIED, THIS IS IN EXCESS

- OF THE",15," ATTRIBUTES ThAT CAN BE SPECIFIED.,  *ERROk 1*)
KERAOK=1

20 IF(KSTMLI.LE.i9AXSTL) GO TO 35

I 22T PRSI AL A R ISR AR AR E A AR A RS RS PR 2 AR 2 Al R At T ST ‘
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WAITE(L,45) KOTHLI,MAXSTL
45 FURMAT(1hO,1I0," STINULL bAVE beet SPRCIFIED, ThIS IS 1t EXCESS OF
~The",16,% STIMLI TnAT CAN bt SPECIFI&ED., WERKOK 2%)
KEKROR=1
35 1 (APrCOME LE HANFFPC) GO Tu 50
WRITE(D,b0) KECUNP,nhkEPC
b0 FORGAT(1HO,16," FURCED PATHAEL COMPARISONS hAVE bEEN SPeCIFIED, THI
~S 1S IN EXCkSS OF Tht ALLOWAELE",I0,", ¥EkKOR 3%)
KERKOR=1
" 50 IF(KWFLAG.EQ.-1) GU TG 52
IF(KWFLAG.EQ.0) GG TU 52
IF(RWELAG.EQ.1) GG TU 52
IF(KWFLAG.EG.2) GO TO 52
VRITE(6,110) KWFLAG
110 FORMAT(1hO," Ah INVALID VALUE GF KGFLAG=",I4," HAS BEEN SPECIFIED.
- WERROR 4*)
KERROR=1
52 CONTIRUL
IF(KERRCR.EQ.1) GO TC SYSY
IF(AWFLAG.KE.O) GO TO 1207
DO 2231 JuiiP=1,KATTA
KLZ=k¥(JGIP)
IF(KLZ.EG.~1) GC TO 223
IF(KLZ.£Q.2) GO TG 2231
IF(KLZ.EG.1) GC TC 2231
WRITE(b,5%31) JuiiP,KLZ
431 PORMAT(1h ,"An INVALID VALUE pCik A SPECIFIED “
-, "hE1GHT DIRECTiUL hAS BEEN EwCOULTERED",/
-," CHECK THE",I4," EMTERY FOR A VALUE CF",13,"  *EHKOK 6“)
KEKKOR=1
2231 COLTINULE
1267 CONTINUE

c CHECK TO SEE IF Thi LIMIT MAMWTS hAS LERh EACEELED
IF(TABS(KWFLAG)-1) 65,120,75
c WHEN ALL LEIGHTS ARE UNreSTRICTED

75 L22=ihAXNTS/2
IF(KATTA.LE.L22) GO TO 120
GO TO 65
65 KKTENMP=0
DO 90 ITT=1,NUMWTS
KKTEHP=KKTEMP+IAES(KW(ITT))
90 CUNTINULE
IF{KKTEMP,.LE.tiAXWTS) GO TO 120
c THE LTMIT MAXWTS hAS EEEN EXCEEDED
65 WK1TE(6,105)
105 FURMAT(1HO," A MAXIMUM OF 30 WELIGKTS CAN BE SPECIFIED WHERE EVERY
~UNRESTRICTED “EIGAaT CUUNTS AS 2."/" ThIS 30 WEIGHT LInLT hAS bEEN
- EXCEEDED. #*zHRROR 5")
KERKOK=1
120 IF(KERKUKR.EQ.1) GO TU 9999
C READ 1M THE SET OF FORCED-PAIKEL COsPARISONS(OMEGA) CHECKING FOR
c EHRORS AS EACh MELBER UF The SET IS KEAD IN.
LO 150 1PKP=1,KFCOMP
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a0

135

145
150

Hefv(5,135) (GheuA(lenr,1),1=1,2)

FOaRAT(Z214)

TT=0MEGA(IPAP, 1)

1F(TT.LT.1) GO TO 145

IF(TT.UT.KSTLI) GO Tu 145

SS=0MEGA(1rKY ,2)

IF(5S.LT.1) GU TO 145

IF{SS.GT.ASTr:.LI) GO TO 145

GO T0 140

wnlTe(0,150) 1PKP,UsbGA(LPAP, 1),Clach(LoRY,2)
FOR:AT(1a1," Thi",14," FURCED FALRED CUniPhKlS0k CONTATES A STILULU

-8 TEAT IS OUT OF RALUE CRECK ("13,",",13,"). *ERROR &")

160

100
155

170

100

175

KERAOH=1
I#(KRRROK.EG.T) G TO 9999
CONTINUE

READ IN ALL ThE VALULS FOR The ATTRILUTES GNE STIMULIUS AT A TIHE

DO 155 KIT=1,KSTHLI
READ(5,160) (STINMLI(ALT,JEST),JEST=1,KATTA)

FORMAT(BF10.0)

CONTTHUE

M=RFCOnP+1

DETERMINE ThHE COFFICENTS OF ThE WELGhTS IL THE CONSTRAINT MATRIMA
EY SUBTRACTING ThE SCCRE CF A CERTAIN ATTRIBUTE W/R TG A STIMULGS 1
FOR THE SCUHE OF Thk Skt ATTRIBUTE W/R TO A STLaULUS J WhEN J 1S
PREFEREL TU I IN A FOACEU PATKED COnPARLSON

IF(1IAbS(KWFLAG)-1) 105,170,175

ALL WEIGHTS ARE EIThak KEGATLVE CK POSITIVE

L0 100 IABC=1,KFCUMP

KFIRST=0MEGA(LALC, 1)

KSECND=0MEGA(XALC,2)

DETERNINE ThE I'TH COEFFICENT ROW OF THE CONSTRAINT MATARIX WHERE ROW 1
CORRESPONLS TO The& I'Th FOKRCEDL PALRED COHPARISON

DO 100 JLEF=1,NUMWTS

RHALF(TABC,JDEF )=kwFLAG* (STIMLI(KFIKST ,JUEF )-STIMLI(KSECNKD,JDEF))
KEEP A RUKNING TOTAL TO DETEnMINE ThE M'TH ROW OF THE CONSTRAINT MATHIM
RHALF (M, JCEF )=RHALF (i, JDEF )+RBALF (IABC, JUEF)

CONTINUE

GO TO 210

ALL WEIGRhTS AHE UNRESTRICTED

NUHWT S=2* NUMWTS

DO 200 1ABEC=1,KkFCOMP

KFIRST=0MEGA(IABC,1)

KSECKU=0MEGA(IABLC,2)

DETERMINE Tht COEFFICENT OF THE CONSTHAINT MATRIX WHEN ALL ThE WEIGHTS AKE
UURESTRICTED

0O 200 JDEF=1,NUNWTS,2

COEFFICENT OF WEIGHT(JDEF)+ AND CONSTRAINT IAKC

KSCT=(JDEF+1)/2

RHALF( IAKC,JDEF)=STItL1(KFTRST ,KSCT)-STIMLI(KSECKD ,KSCT)
COEFFICENT OF WEIGHT(JDEF)- AND CONSTRAINT TAEC

JULF 22JDEF+1

R b Bk 6 by ey




KEALF (TABC,JUEF2)z=hitALF( LALC, JULF)
¢ A hUMGIKG TUTAL OF TeE ti'Th KGu OF THEé CONSTRALNT MATRI).
KRHALE (14, JDSF )=RhALE (ti, JUEF )+ KEALF(LREC , JLEK)
RHALF(M,JutF2)s-REALF (M, JUEF)
200 CONTINUE
Go TO 210
c THe whIGhTS AKE MIXEL
165 DO 300 LABC=1,aFCUNP
KFIRST=0sxEGA(TAEC, 1) ]
KSECNL=0UNEGA(TAEC,2) ’
KTehp=0
c KTEMP IS A RUNMIGG TCTAL Gt Tht MUMEZ® OF COLUNNS TAKeh UP bY ThE WEIGHTS 1
DO 300 JDEF=1,LUEWTS
IF(IABS(RW(JDEF)).GT.1) GO TO 105
c ThE JOEF'TH WEIGHT IS £1ThEk MEGATIVE CR PUSITIVE
KTENP=KTEmP+1
RHALF(IABC,KTEMP ) =Kin(JDEF ) ¥ (STILisLL(AF LhST ,JOEF )=STIHLY(KSECKD,
~JDEF))
REALE (M, KTENP ) =ARALF (0, ATENP )+REALF(IAGC,KTEMP) j
GO TO 300
c THE JDEF'TH WEIGHT IS UNRSSTRICTED
165 KTEMP=KTEiP+1
RHALF(IABLC,KTENP)=STIHLI(XFIhST,JUEF )-STIMLT(KSECUD ,JLEF)
RHALF (i4, KTENP )= REALF (4, KT ) +HRALE (14EC,KTENP)
ISST=KTEb:P
KTEnP=ATEl:P+1
KHALF(1IALC,KTLl:2 )=~KhaLEF (TAEC, 1SST) ,
KHALF (1, KTENP ) = KEALE (M, TSST) !
300 CONTINUE
BULKTS=KTEMP : . ;
210 CONTIKUE
CHECK TO SEE IF Tnc N'Td KCw OF RhALE IS 2EnO0,1S SO Thed THIS MEARS
THAT THE M'Th COWSTRAINT CAMNCT BE SATISFIEC THEREFGHE ThE PRUBLES:
1S INFEASIBLE
DO 1234 ICHCK=1,NUMWTS
IF(KhALF(li,ICRCK).ME.O) GC TG 1235
1234 CONTINUE i
WRITE(6,1212) |
1212 FORMAYT(1H ,//," ThE LEFT hitD SIDE OF ThE N'TH CONSTRAINT IS *
~"ZERO,",/," ThE STAUCTUHKE OF THE DATA SET CAUSES THE PROBLEN"
=" T0 BE INFEASIBLE") ;
. GO TO 9993 : . C !
1235 CONTIMUE . ) !
c CHECK TO SEE IF THE M'TH ROWw OF RHALF CAMN SATISFY THE .
c RESTKICTICN ON Thé WEIGATS,IF OME EXIST
IF(RWFLAG.EG.2) GO TO 1999 *
DO 2111 ICHCK=1,KATTA
IF(Kw(IChCK).EQ.2) GO TO 1999
IF(RBALF(,ICKCE).GT.0) GG TO 1999
2111 COUNTINUE
c ThE PROBLEM IS INFEASIBLE,IT CANNCT SATISFY THE M'Th COLSTHAINT
iRITE(G,6660)
oot FORMAT(1h ,//," EECAUSE CF THIS PARTICULAR SPeCIFICATION®

o000

- o ,
GER Ul D G EE T I S G N e AR D N N B EE e e
.

‘1
-
]
!
| l




"
2

=% OF LELGHT RESTHICTIUNS",/," THE PROELEN IS INFEASIBELE"
~", LETTItG ALL WEIGHTS Lb LNRESTHICTED WILL WORK")
GO Tu Y4y
19y$ COLTINUE
c SEND ALL ThE DEFINED COLUMNS OF ThE FIKST nbithTS COLUKDNS OF KBALF TO aep
( eecccecccecccecnccaaa- ——————— -
CALL XMAPS(bnUTYP,TUGERK , LEGNA, LENHT, LENSY ,MAFA KAPT ,MAXA , MANL
= JLAXN, MENORY )
Cc The FInST -1 COuSTRATIRTS ke >=0 WITH A KhkS VALUE OF 0.
DO 400 1l=1,KrCum?
ROWTYP(IT)=-1

b(1il1)=0.
‘ 400 CONTLKNUE
: C Tht M'TH CUNSTRALLNT 15 =1
: ROWTYP(M)=0
i N=0
¢ C ————
: C DuTEhHINE The NUMBER GF KOKZERQ ELEMEXTS(COLLCL) IN TuE FIHST NUMWTS
c COLUMNS OF TS COLSTARALNT MATHIX. ALSO DETERMINE WHICH HOWS(I.E.COLI) HAVE
c NOWZ5R0 ELEMEXTS IN Thkl FOR A CoRTAIN COLURN AD WhAT THAT KONZEROD
C ELEMENT IS(I.E. CGLA)
Cd=0.
C CJ IS Th 035JclTIVE FUNCTION COEFFICENT
DO 600 JUST=1,LUnWTS
CULLEN=0
DO 500 LEN=1,H

IE(rhALE(th,JUST).EQ.O) GO TU 500
COLLEN=CCLLEN+1
. COLA(COLLEN )=KhALF(LMN,JUST)
CGL1(COLLEN) =Liuk
500 CONTInUE

C CHECK FOR TO SEZ IF THIS COLUMN hAS ALL ZERUS In IT
C ALSO FLAG ThE UNDEFILED LETUGHTS
IF(COLLEN .EQ.0) AWDREF(JUST)=1 :
IF(COLLEL.EY.0) GO TO 600 '
c PASS THIS COLUMN TO AMP :
c H

CALL XADDAJ(CJ,COLA,COLT,COLLEN ,COLMAX, IOERR,J,LENMA, LENMY ,MAPA, ' |
~MEMORY ,N) :

600 CONTINUE

CHECK TO SEE IF TaEKE EXIST ANY WEIGHTS ThAT AKE DEFINED

IF(K.6E.0) GO TO 602 .

WRITE(6,601)
601 FORhAT(lh o"ALL WEIGhTS AHE UNDEFTINeD WHICH MAKES IT IMPOSSIBLEY

-," TO SOLVE THIS PARTICULAR PHOBLEM VITH ThIS DATA SEI")

GO TO 9959
002 CONTINUE
C SEND THE KEMAINING COLUMNS(TI.E. THE 2'S) TO XMP
c NUTE: EACH Z COLULN nAS ONE DON-ZERO ELENMENT AND Afv OBJECTIVE FUNCTION
c COEFFICENT OF 1,BUT SINCE AtiP ONLY MAXIMIZES WE HUST LSE -1 AS THE
c OBJECTIVE FUNLCTION COEFFICENT
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COLLEL=1

cJ=-1.

CULA(1)=1.

LO T00 J2=1,KFCOnP
COL1(1)=02

c
CALL XALDAJ(CJ,COLA,COLT,COLLEN,COLLAN, TOEKR,d, LENNA , LELsY ,
~t:APA, ENOKY , 1)
c —

760 CONTIKUE

c —— - -

OO0

c

coe (2] oo

0o O

DO 710 JXJ=1,h
STATUS(JXJI)=0
710 CONTINUE

CALL ASLACK(bB,BASCb,bASIS,BASLB,EASUB,BLTYP,BOUND,COLA,COLT,
X COLHAX,I0LRH,LENRA,LELST,LENNY M, MAPA MAPT  HAXM, MANS , MENORY , K,
X KOwTYP,STrTUS,UZEHG,XBZERG,Z)

SOLVE Tiik L.P. PRUBLEN

CALL XPRIML(E,BASCH,EASIS,EASLY,BASUB ,BNLTYP,BOUND,CAKD,CALDA,
X CA4NOCJ,CANDI,CANLL,CULA,COLI,COLEAN ,FACTOR , TOEKR, TOLOG , ITERT,
A ITER2,LELnA,LEGKT,LElNE ,LCCK, M, tisih , MAPT ,AXe , MAXN , KEHMORY |5 ,
X NTYPE2,P,rhIKT,STATUS,TERNIN,UNBDLG, UZERO,XbZERO, YG,2)

WRITE(6,742) (HEADER(IkzAL),IkEAD=1,10)
T42 FUKMAT(181,//,1X,1080,7///)
WRITE GUT THE TERMINATION CODE OF ThE L.P. PROELEM TO TAPE S
KRITE(9,720) TERGIN
720 FORMAT(1h ,"THE TERMIXATIGN CCDE IS",19)
1F(TEKHIN.EG.1) GO TC 740
IF(TERMINLE.H) GO TO §99§
WRITE(6,1356)
1358 FORMAT( 16 g aARNINGYwa" 10X, W& 2| ARNINGE®W " {OX, " #UARNING=##"
~y 10X, "¥*PWARNING*#" /. " Thi OPTIMAL SOLUTION DOES NOT SATISFY",
~" THE ACCUKACY CHECK FROM Xk ,TERMINATION COLE 4,%)

TERMIN IS THE TERMINATIOH CODE AND IS EXPLAINED IN THE DOCUMENTATION

OF Xt.P

DETERMIKE THE VALUES OF ThE WEIGhTS FROm THE AP VARIAELES
740 IF(IALS(KWrLAG)-1) 725,730,735

GO0 SOONOBOPOIPODOOIOOPLEPRNOIOSDPDLEISEDOLLNLIIOIEOTIOIEIGENROADPSIIORIOSSTOELOIDOIENOEROIOGOLOSPOESDP

KWT KeEPS A RURIIKG TOTEL OF WHAT AMP VARLABLE YOU AKE TALKING ABOUT

WITH/KESPECT TO THE ARRAY STATUS.
730 KuT=0
ALL wWiIGHT AKE EITHER WRGATIVE OR POSITIVE
Lo 800 1JJ=21,HUNLTS
ChECK TO SEE IF ThE IJJ'Th wEIGHT 1S UNDEFIKED
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coo

QOO

745
&0V

735

705

T47
750

755
757
1000

725

Ir(kwber(1dd) .G 1) GU TG 600

KLT=K\WT+1

ChiCK TCU Stk 1F Thi IJJ VARTALLE 1S i Tuk BASIS
1F(STATUS(ALT) . EG.0) LU TO 745 .
WETGHT(1dd ) =rLOAT(KWFLAC ) * 2 bZe HU(S £ TUS(KNT))

uQ TO 800

LEXGHT(1JJ)=0.

COMTLINUE

U TO 001

ALL WoIGHTS ARkE UNKESTRICTeD

KOuNT=1%

KwT=0

DO 1000 1JJ=1,NUMWTS,2

CheECK TO S:E IF THE ROUNT'Th WeIGhT IS UNDEFIici

IE(KWDEF(IJu).EG.1) KLDEF(KOUNT)=1

IF(KWDEF(TIJJ).EQ.1) GG TO 757

KhT=KhT+1

ThE MCULNT'TH WETGHT 1S LEFINED

KwWDEr(aCutT)=0

DETERMIGE ThE AGURT'Th WELGHT IF 1T IS DeFINed

L1kshtT

IF(STATUS(XWT)Y .EG.C) UO TG 747

The EGUNT'TH WelGHT 1S &GHZERO

WEIGHT(KWT)=AEZeA0(0TLTUS(KKT))

GO TO 736

WELGHT(R}WT)=0,

CONTINUE

CHLCK TO Szt IF W& HaVs ALKEADY CHECKED BOTh Tnk PUSITIVE AND MRCATIVE
PARTS OF THE KGUNT'TH WEICGHT

IF(LIK.LE.KWT) GO TO 755

KhT=AWT+1

WHEN LIK=KWT LE ARE CRECKING TO SEE IF Thii NONNEGATIVE PART OF THE
KOUNT'TH WEIUHT IS POSITIVE,SINILAKLY IF KWT=L1lK+1 GE AKE CHECKING TO
SEE IF ThE WONPUOSITIVE PART OF THE KUUNT'TH WEIGhT 1S {EGATIVE

GO TO 765

LEIGHT(KOUNT)=wEIGHT(LIA)-KEIGHT(KWT)

KOUNT=KOUNT+1

CONTINUE

GO TO o661

THE WEIChTS ARE MIAED

KTEkP=1 . . -
KFLAG=0

KTEMP KEEPS A RUNNING TOTAL On THE NUMBER OF WEIGhTS,ACTUAL WEIGHTS AND
FOK EXANPLE YIF THERE ARE 10 WEIGhTS>=0 &nD 5 UNRESTICTEL WEIGHTS THEN
The FINAL VALUE OF KTEMP WILL BE 15,

KW T=0

DO 1100 b.ki0=1,KUNUWTS

IF(KFLAG.LE.1) GO TO 1730

KFLAG=0

GO TO 110U

1730 IF(TABS(Kn(NTEMP)).EG.1) GO TO 1745
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1755

1766

1745

"TF(STATUS(XWT)HELO) GG TU 1775 o

1775
1770
1100

601

b15
900
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Tae ATEMP'TH WhIGRT 1> UGKESTAYCTEL
KFLAG=1

CheECK T0 Stk IF Th: KUukT'Th belGnT LS UkDEFRIlicb
W (aWDES (1:000) JEG. 1) AwbEF{auuiT)=1
Ir(KWDEF(2an0) . 2G.1) WU TU 1770
KnT=KhT+1

Tre KOUKT'Th WELGHT 1S DEFILEu
KWDEF (KUULT)=0

LF(STATUS(KWT) .EG.0) GU TO 1755
WEIGHT (KTEMP ) =XE2ohU{STATUS(KNT))
AhT=RKLT+1

GO TO 1770

KhT=KhT+1

IF(STATUS(KLT).MNE.O) GU TU 1760
KETGHT(KTEMP)=0.

GO TO 1770

wEIGHT (KTERP )==-1BZekG(STATUS(KWLT))
GO TO 1770

CONT1NUE

ThE XKTENP'?n L2IGuT IS £IThtk - Ok + ,BUT IS NCT UIKESTRICTLED
CHECK TO SEE IF TiE XOGULT'Th WEIGHLT 1S UkDEFIHED
IF(AUDEF(A0) JEQ. 1) KuLbEF (a0UlT)=1

IF(KWDEF(r20).EG.1) GO TO 1770

KWT=KWT+1

KeIGHT(KTELP)=0,

GO TO 1770

WELWGAT(RKTENP ) =KW (KTEME )" XBZLhU(STATUS(KNT))

KTEP=KTElp+1

CUNTLKUE

CONTILUE

PETuheiIRE ThE VALUE CF Thk 2'S FOR ALL KWFLAGS

KSCRPT=NUMNATS

DO 2z 1JK=1,KATTA

IF(KWOEF(TJK).EG.1) KSCHPT=KSCHPT-(IABS(KK(IJK)))

CUMTINUE

L0 400 I1J=1,kFCOLP

KSCRET=KSCRPT+1

1F(STATUS(KSCKYT) .EG.0) GO TO 815
Z22(11J)=xBZERO(STATUS(KSCRPT))

GO TO %00

22(11J)=0.

CONTINUE

SIMCE wE USED AP TO MAAIMIZE AND IN REALITY WE LANTED TO MINIMIZE WE HAD
TO MULTIPY THE OEJACTIVE FUNCTION COEFFICENTS BY -1 SO OUR Z(OPTIMAL)
CbJECTIVE FUKCTION VALUE) IS REALLY =-2

” =-z .

WRITE(6,1920) 2

FORMAT(Th ,"TnE OPTINMAL OBJECTIVE FUNCTION VALLE IS 2=",F10.5)
Wil1TE OUT Thi HEADING FOR ThE OUTPUT .
WR1TE(6,1430)

FORMATCTh /7, 10X, "wEIGHT#", 17X, " enVALUERE")

2 & YT




kh1Te(b, 1935)
1939 runtAT(1n Y8, "emeaeem LI Iy L . ")
C WETTE OUT The VALUL UF Tik wtIGhWTS
¢ ILErLG IS A FLau WhICn 15 BQUAL TO UNE I# Thhhk Aht At UNLEF LheD welGHTS
lwerlG=0
DO 1940 TIJ=1,RaTTA
C CheCh TO dop IF The aATTA'Th WRIGHT 1S UKLEFIALU

IF(aLEF(T1d) .2G.0) GO TO 1950
WRITE(L, 1952) 119

1942 FUAMAT(12X,1I3, 1ox, "ULUEFTaEL")
IDeFLG=1
GO TU 194C

1936 WRITE(6,1558) ITJ,kEIGhT(11dJ)

1550 EUqu*(Iax 15,17X,F10.5)

1940 CUNTLLUE
whITE(H, 1500C)

1900 FORMAT(1h1,////, 164 ,"2% 1\, Wosn AL RWw")
WRITE(6, 1901)

1961 annn*(ar I R ) N ")

C WkITe OUT Tni VALUZS e Tnbk 2'S

C

c

LU 1200 T1JKik=1,.5C0N2
WRITE(D,1165) TJNLM,z2(1JALM)

1165 FOREAT(1H ,114,13,174,510.5)

1200 CONTLalE
CALCLLATE Thi SCOALS Fus EACR STIMULLUS ALL WHITE THEM QUT
WRITE(D,2522)

2022 FORMAT(1hi,/7//7,5%,"STIRULUSY , 17X, % 5COREY")
REITE(L, = udJ)

2023 FORMAT(1h ,bX,"—=eceum- P P PR T ")
Do 1£0 "T—1 NSTHLL

Do 1203 KRK=1,KATTA
IF(RUDEF(ARR) JEG. 1) GU TC 1203
SCORL=SCOAE+WETGhT(KRR) *STINLI(KIT,AKR)
1203 COuTINUE
WKITE(6,2229) KIT,SCUKE
2229 FOMMAT(1H ,11X%,13,171,F10.5)
1202 CONTINUE
WRITE OUT R KHESSAGE IF ALY OF THE WEIGhTS ARE UNDEFINED,I.E. IDEFLG=1
IF(IDEFLG.EG.O) GO TO 1204
WRITE(6,17)
17 FORMA”(Ih ,//," FOR Thi DA*A SET USED IN THIS PROBLEM SOME OF THE"
~," ABOVE hnroh*s COLLD MCT BE DETERMINED"™)
1204 walrs(6,1975)
1976 FORMAT(1&1,///," PRUGRAN TERMINATES LORMALLY")
Y499 CONTIKUE
STOP

ExD
END







